tivities. Conclusion: Even if we knew that disability increases with age, we can now state that it increases at an accelerated rate beyond age 85. Grouping people aged 85+ into one category leads to substantial underestimates of disability in the oldest old. Accurate estimates are necessary for adequate allocation of care and rehabilitation resources for a rapidly expanding age group.
Introduction
If current life expectancy trends are maintained, over half of all babies born in developed countries today can be expected to live to be 100 years old [1] . Within the geriatric population, the number of people aged 90 and beyond -referred to as the oldest old -has grown both in quantity and in proportion [2, 3] . Yet, this group is understudied [1] [2] [3] , as are the disabilities they experience. In order to align services to the needs of this population, the prevalence and types of disabilities for specific activities and age groups must be clearly understood.
Typically, for the purpose of reporting on the prevalence of difficulty in everyday life, many different activi-ties are grouped [4] . Relying only on the usual distinction between basic activities of daily living (i.e. combining ADLs such as hygiene, dressing, eating, grooming or toileting) and instrumental ADLs (i.e. combining IADLs such as meal preparation, housekeeping or laundry) [5] for which components vary from one study to the other [6] does not provide sufficiently detailed information. The oldest old are at the limits of their functional capacity [7] , and rehabilitation interventions intended to restore or maintain the independence of the elderly are very different from one activity to the next. Therefore, it is crucial to obtain a detailed picture of the prevalence of disability for specific activities of daily life.
When researchers do provide information on specific activities [8] [9] [10] , 85+ year-olds are generally considered as a single group, which might fail to reveal or lead to misestimate the needs of the oldest old. To our knowledge, the only study that has reported on disability prevalence for oldest old Canadians is the Aging in Manitoba Longitudinal Study [11] . It was conducted more than 10 years ago and focused on Manitoba, which is only one of ten Canadian provinces. Thus, we need a current and comprehensive understanding of disability according to age. The purpose of our study is to estimate the age-specific prevalence of disability encountered in specific activities related to self-care and domestic life for Canadians aged 50 and beyond, including the oldest old population.
Materials and Methods
The Canadian Community Health Survey (CCHS) -Healthy Aging is a cross-sectional survey. The Canadian Health Statistics Division met with stakeholders to develop, refine and validate questionnaire content covering important health and social issues related to aging [12] .
Sampling
The Healthy Aging Survey targeted Canadians living in private-occupied dwellings in any of the ten provinces. Canadians living in institutional dwellings, such as long-term care hospitals, nursing home, residences for senior citizens providing support services, were not included in the CCHS [13] . In Canada, the proportion of people living in institutional dwellings is 1.5% between 65 and 85 years old, and 10.1% over 85 years old [14] . Residents of Canadian territories, reserves and other Aboriginal settlements, remote regions, institutions, and full-time members of the Canadian Forces were excluded. With the 2006 Canadian Census as sampling frame, households were first randomly selected using a probability sampling strategy designed to guarantee representation of the ten provinces as well as urban/rural areas [14] . Using selection probabilities to ensure representation of five age groups (45-54, 55-64, 65-74, 75-84, 85+), one randomly selected respondent per household was then interviewed.
Data Collection
Trained interviewers visited the selected respondents at home to conduct face-to-face interviews between December 2008 and November 2009. Repeated visits to the dwelling were made at different times and on different days, either to set an appointment or to carry out the interview. Data collection by telephone was authorized only when translation was necessary. Another knowledgeable member of the household was allowed to answer questions for selected participants who were incapable of completing the interview due to physical or mental health reasons.
Measures
Function in self-care and domestic life activities was self-reported, using a three-level scale (Yes, without help/Yes, with help/ No) adapted from the OARS Multidimensional Assessment Questionnaire [15] . Activities for self-care (basics ADLs) were: washing oneself, grooming, dressing and eating. Activities of domestic life (IADLs) were: shopping, preparing meals, performing housework, using transportation, using a telephone, and taking medication. Activities relating to mobility (walking, transferring and toileting) were not included. For example, to assess ability in shopping, participants were asked the following question: 'Assuming you have transportation, can you go shopping for groceries or clothes without help (e.g. taking care of all shopping needs by yourself)? Can you go shopping for groceries or clothes with some help (e.g., you need someone to go with you on all shopping trips)? Are you completely unable to do any shopping?'
Statistical Analyses
Permission to release data collected through the Healthy Aging Survey is restricted as per the Statistics Act. To meet Statistics Canada requirements, variables most likely to lead to identification of an individual by the data analyst had to be deleted or collapsed to broader categories. Therefore, each function was dichotomized and a participant was defined as: (a) not disabled when no assistance was provided to perform a specific activity, and (b) disabled when the activity was performed with partial or total assistance.
The prevalence of disability was estimated for age groups 50 and older because prevalence was too low to be reported for people aged between 45 and 50. Since respondents aged 100 or beyond included only 16 women and no men, centenarians were included in the 95+ age category.
Survey weights were incorporated into the prevalence and variance estimates using the Bootvar program created by Statistic Canada [16] . Through a bootstrap method, this program produces estimates that are representative of the Canadian population and not just the sample itself. Sampling error associated with non-response was handled by adjusting the weight of persons who responded to the survey in order to compensate for those who did not respond. Older Canadians' characteristics are presented using weighted percentages. The prevalence of disability is presented according to 5-year age groups. Constructing 95% confidence intervals (CI) made it possible to take into account sample variation.
To test whether disability increases with age in an exponential fashion, we also conducted nonlinear regression analyses. We estimated the equation y = a + [b · exp (c · age)], where y is the adjusted proportion of disabled Canadians and age is measured in years with the NLIN procedure. To examine the goodness of fit of our models, we calculated the Pseudo-R 2 equal to [1 -(sum of squares of residual/sum of squares of corrected total)]. We fit two 397 separate exponential models: one for self-care disability and another for domestic life disability. Disability in self-care was defined as requiring assistance with at least one self-care activity, and disability in domestic life as requiring assistance with at least three domestic life activities.
Analyses were performed with SAS software version 9.2 (SAS Institute, Cary, N.C., USA). The protocol was peer-reviewed by Statistics Canada to grant access to their data, but the opinions expressed in this paper do not represent the views of Statistics Canada.
Results
The response rate to the CCHS-Healthy Aging was 74.4%, resulting in 28,406 participants aged 50 years or older. Canadians aged 50 and beyond were mostly women (52%), Caucasian (86%), living with someone (79%), and residing in an urban area (84%). Twenty-five percent did not have a high school diploma, and 36% had an annual family income of CAD <50,000. Table 1 shows the estimated proportions (and 95% CI) of home-dwelling Canadians with disability for each selfcare and domestic life activity studied. As expected, the prevalence of disability to perform specific day-to-day activities varies from one activity to another.
Among self-care activities, washing is the one with the highest prevalence of disability. Contrasting CI, one can see that the prevalence of disability for this activity is significantly different from that of the other self-care activities starting with the 70-to 74-year-old group. Regarding domestic life activities, about half of the people who had reached 90 were disabled in the following three activities: doing housework (50%), shopping for groceries or clothes (45%), and taking transportation (44%), with 28% (95% CI: 23-33%) being disabled in all three activities.
Results show an exponential rise in prevalence for age groups 85 and over. Figure 1 presents the fitted exponential curves relating age with disability prevalence in selfcare and domestic life activities. As shown by the Pseudo-R 2 statistic, the exponential model fits both the curves for prevalence of self-care activities (R 2 = 0.88) and prevalence of domestic life activities (R 2 = 0.86). Figure 2 illustrates the pattern of disability prevalence in specific self- 
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care and domestic life activities across age groups. Compared to the 85-89 age group, the estimated proportion of people reporting disability in the 95+ age group approximately triples for self-care activities and doubles for domestic life activities.
Finally, a substantial proportion of people in the highest end of the age spectrum were not disabled in any activity. For example, we estimated that 79% of people aged between 90 and 94 who are living at home do not report needing assistance to wash, groom, and dress themselves or eat, and 28% report performing all of the eleven activities on their own.
Discussion
The purpose of this study was to estimate the age-specific prevalence of disability encountered in specific dayto-day activities for older Canadians, including the oldest old. For all activities studied, the prevalence of disability increased with age, and the increase was more notable after 85 years of age. Grouping people aged 85+, or even 90+, together leads to substantial underestimates of disabilities in the oldest old.
Our results obtained from a Canadian national survey highlight a profound increase in the prevalence of disability in the oldest old population. This finding is consistent with a US study of the oldest old, The 90+ Study, which found that 44% of 90-to 94-year-olds, 66% of 95-to 99-year-olds, and 92% of centenarians had difficulties with one or more ADLs [17] . The proportions of disability were higher in The 90+ Study than what the Canadian national survey shows, but those differences might be attributable to two methodological differences. First, the US study included transferring and walking indoors among ADLs, activities that are actually more related to the concept of mobility [18] . Since The 90+ Study reported that walking was the activity with the highest proportion of disability, including it among the ADLs examined leads to higher prevalence of disability in at least one ADL. Second, our study excluded people living in institutions, whereas The 90+ Study included these individuals and found that institutionalization was significantly associated with disability. In fact, when reexamining disability only among the noninstitutionalized participants of The 90+ Study, the numbers indicate disability proportions of 24% for 90-to 94-year-olds and 55% for those aged 95 and over, which puts both results within our CI [unpubl. data].
Aging is strongly associated with the prevalence of disability in performing self-care and domestic life activities [19] , and our results suggest that this association appears to be exponential rather than linear. Certainly, the prevalence of disability accelerates after 85 years of age. Even if the small size of samples is a common problem when studying the oldest age categories [3] , it may still be preferable to either report disability separately in the very elderly, or refrain from formulating conclusions on disability in the oldest old, rather than grouping them with the younger elderly.
As found in several studies [8, 10, 20, 21] , we confirmed that, among self-care activities, washing oneself is the activity for which the highest proportion of disability is reported across all age groups. Moreover, according to a longitudinal British study including oldest old persons, washing oneself is the activity with the earliest onset of disability; the median age of onset being 81.5 [22] . Clearly, with aging, washing oneself is a difficult self-care activity, and other interventions might be needed to prevent or reduce bathing disability besides the common recommendation to add grab bars and bath seat. It is uncertain that adding bath aids do forestall the subsequent development of disability [23] , and it is unclear that current rehabilitation interventions meet the needs of the disabled elderly [24, 25] . Because the elderly with unmet ADLs needs have higher rates of admission to acute care services [23] , and washing oneself is the most challenging self-care activity, the focus on bathing should be increased when designing and studying rehabilitation services for the community-dwelling elderly.
The number of elderly who live to be 90 and beyond is growing. In 2012, 0.7% of the Canadian population was aged 90 or older, which represents 247,835 individuals [26] . The medium growth projection scenario indicates that the oldest old will represent 1.0% of the Canadian population in 2026 and 1.4%, in 2036 [27] . As in other developed countries [1, 3] , they are the fastest growing segment of the elderly population. Older persons are more likely to require paid personal assistance in their daily living [28] , so the increasingly larger numbers of disabled oldest old will likely become an increasingly larger financial burden. However, similar to others [29] , we did observe the existence of oldest old without disability. Studying the characteristics of those elderly could help us understand how to prevent or delay disability and contribute to the understanding of compression or expansion of morbidity concepts [30] associated with increases in life expectancy.
Methodological constraints need to be acknowledged, as they might have led us to slightly misestimate disability in the Canadian population. For instance, because the capacity to perform each activity was self-reported, classification errors are possible. Moreover, 1.8% of the respondents reported having memory or problem-solving difficulties often or always, which sheds doubt on the accuracy of their answers and may induce a response bias. A few interviews (4.3%) were done over the phone for translation purposes and could have resulted in misunderstandings. For 2.4% of the interviews, a knowledgeable member of the household answered the questionnaires in place of a participant unable to do so due to physical or mental incapacities. It has been shown that it may be reasonable to use a proxy to document disability in a survey on aging [31] ; however, issues of possible bias remain [32] . Additionally, due to confidentiality concerns, the disability outcomes were dichotomized instead of analyzed according to the three levels documented in the survey (i.e. performing the activity without help vs. performing the activity with help vs. unable to perform the activity). More detailed information would have better captured disability as a continuum going from difficulty to dependence [33] . Our cross-sectional study design has limitations. Although it provides a portrait of elderly Canadians at a specific moment in time, it does not allow us to project future disability trends, which can be better defined by longitudinal data and can be affected by cohort effects and other trends. Finally, the estimated prevalence is based on a sample of Canadians living in the community. As the proportion of Canadians living in institutional dwellings is about 10% over the age of 85 years and institutionalization is associated with increased odds of disability [17] , the estimated prevalence should not be generalized to all Canadians aged over 85 years old. However, because the proportion of Canadians living in institutional dwellings before the age of 85 years old is fairly low (1.5%), our results provide a good portrait of the prevalence of disability for those age groups in Canada. Nevertheless, this study has undeniable strengths. Reported prevalence of disability is based on a large sample representative of an entire country. Moreover, the random sampling strategy and the weighting of estimates provide prevalence estimates of disability in specific dayto-day activities that are more representative than estimates provided by cohort studies. Finally, we were able to study a wide range of ages and a variety of everyday activities, which brought to light essential information that can help enhance knowledge about a fundamental clinical aspect of aging and set targets for public health interventions.
Conclusion
Prevalence of disability varies between specific day-today activities for Canadians living at home. For all selfcare and domestic life activities studied, prevalence increases with age and increases faster after the age of 85. Compared to the 85-89 age group, the estimated proportion of people who are disabled in the 95+ age group approximately triples reaching 47% for self-care activities (basic ADLs) and roughly doubles reaching about 86% for domestic life activities (IADLs). This article provides a portrait of disability in the Canadian older adult population and offers important information that can be taken into consideration by home-health practitioners and administrators when prioritizing services, including allocation of rehabilitation resources, to cope with the public health challenges of our aging population.
